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A PROPERTY OF RADIALLY QUADRATIC
REFLECTOR SYSTEMS

M. Mizusawa and T. Katagi
(Mitsubishi Electric Co., Inc., Kamakura Factory,
Kamakura, Japan 247)

‘ .Radially parabolic reflectors and radially hyperbolic
réflectors are widely used as reflector mirrors for Cassegrain
and parabolic antennas. Until now, these have mostly been
radially symmetrical, but recently, Cassegrain antennas placed
into an off-set system [1] or Cassegrain antennas which utilize
conical horn-reflectors as their primary radiator have been
considered as means for prgventing blocking by utilizing
secondary reflectors. Large-scale mobile antennas which utilize
systems comprised of several reflectors as their primary radiator
sjstem [2], as shown in Figure 1, have also been considered in
order to be able to establish
receivers on the ground. It is
difficult to strictly calculate
the radiation properties of these
types of complex antennas, but

this article will show that, when

B AKOREY—EHBRIZ LA T Ly considered optical-geometrically,

b4
Fig. IT—C;:gninlnlenm with.lheprirnary -these types Of antennas all
radiator composed of 4 mirrors. .
. key possess similar values to common
> a elevation rotation
b declination rotation conical horn-reflector antennas
€ receiver room

[3] which are composed of a horn

* Numbers in the margin indicate pagination in the foreign text.
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Antennae made from radially quadratic reflectors are
generally comprised of a feed system, consisting of a feed horn
and quadratic reflectors, and a radially parabolic reflector.
The elements of the quadratic reflector system of the feed system
- consist of a radially hyperﬁolic reflector, a radially eliptical
reflector, and a pair of radially parabolic reflectors with
pérallel radial axes, as shown in Figure 3, all of which are
aligned so that their adjacent
reflectors share a common focal

point.

These elements possess a

Pig. 2 A radially quadratic characteristic in which the light
" reflector system .
rays which are radiated along the
key
a feed horn focal point from one direction of
b radially parabolic
reflector these elements become the reflected 1light rays which

travel along the focal point in another direction, but after the

light rays which travel along the cone which forms the vertex of

13 b 0/. 3
' Orn ; Un yl."
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(a) example of radially (b) example of radially (c) example of a palr of radially
hyperbolic reflector . parabolic reflector quadratic reflectors

Fige 3 Elements of a radially quadratic reflector system in the feed system

the focal point of the one direction are reflected, they travel

along the cone which forms the vertex of the focal point in their
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reflected direction. When the unit vector of the along the

center of the incidental light ray cone is v,, and half the

. vertical angle of the cone is ©,, and the respective cones which

accompany the reflected light rays are v,,q4 and ©,_4, the

following relationships generally exists.

Oy =2,( Ay 0y thycos 0,)
oS ”lnl':zn(“n'"n"'bn"“ ”n) (@)
sinf,, =z,8n 0,

In the above formula, A, is a three-line, three-column matrix, b

n n

and a, are vectors, and z, and b, are scalar, all of which are
constants decided by the shape and arrangement of each of the
reflectors. The following relationships are created in the feed

system by again applying the formula (1).

cos b, =z(a-v,+bcos 0,)

sinfp,=zsin0,

U =2z(A-0,+bcos 8,)
} 2y

A; b, a, b, and z are constants which are decided by the
geometrical composition of the system.

Light rays which travel along the focal cone of radially
parabolic reflectors travel along a cylinder which is pa;allel to

the radial axis of the reflector

RO
Ma after being reflected. If an
aperture plane is coﬁsidered in
an appropriate position, as shown
h in Figure 4, a circle is formed
B ﬁV// at the intersection of the

Fig. 4 Radially parabolic cylinder and the plane. If the

reflector ,
foot of a line perpendicular to
key
a aperture plane the aperture plane, drawn from

agidd bl



the focal point, and lying in the aperture plane, is Om,.the
vector which reaches from Op to the center of the above-
mentioned circle is p , and the radius of that circle is rp, the

following formula becomes true.
cos ”m = (vm 'km)

pom2fe 2n=(On Kk }
«H

sin 0,
rn=2Sm con 0 —(vyy k)

fm is the focal gap of the radially parabolic reflector, and kj
is the unit vector along the radial axis. If formulae (2) and
(3) are substituted, the following results are obtained.

EPAPS BUARCLY %) =y
p,,,_2./'{‘.m 7 -(v-k:) ll’}
1)

Nin #,
rp=2 f——— et
" con 0, (vok,y)

wherein,

v=~L-v,
d=b- (b'km)k.,l

and L is a right-angle matrix drawn from A, b, a, and km, and v
is the unit vector.

These results show that the radially quadratic réflector
_s§rstem shown in Figure 2 has the same values as a general conical
hérn—reflector antenna comprised of a conical horn with a
bisected angle of 6, and a radially parabolic reflector with a
focal gap of f. Now, it was discovered that the focal point of

the radially parabolic reflector at the end of this system is

displaced only 2fd from a comparable reflector of an average

conical horn-reflector antenna, and that the coordinate systemn

affiliated with the feed horn is subject to the perpendicular

exchange shown in the second formula in formula (5).



The equivalent general conical horn-reflector antenna
réferred to herein is an expansion on the concept of the
equivalent parabola [4], commonly known in connection with
cénventional radially symmetrical Cassegrain antennas. Since the
dispersion of illumination intensity fluctuates in actual multi-
reflector systems due to diffraction between each of the
réflectors, these results can be only be applied as no more than
approximations, but they are extremely useful in understanding
the operation of complex systems. For example, since the
elevation rotations in the antenna shown in Figure_1 are
reflected in the fluctuations in the constants of equivalent
general conical horn-reflector antennas, their effects on the
radiation properties of the antenna can be understood and

discussed.
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